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Sugars vs Artificial and Natural Sweeteners in obesity and its related diseases
[bookmark: _Hlk86837949][bookmark: _Hlk88206020]According to the World Health Organisation (WHO) (2021) the frequency of individuals at risk or living with obesity (defined as excessive body fat accumulation), “tripled” between1975-2016; with an ongoing incline reported in both children (Di Cesare et al., 2019) and adults worldwide (Abarca-Gómez et al., 2017), however, these estimates that have been suggested are conservative and may not fully represent the scale of the obesity pandemic (Reilly et al., 2018). Obesity is reported as a major health risk (Mozaffarian, 2020), as Public Health England (2017) estimates a nine-year reduction in life expectancy, due to correlations between obesity and the development of non-communicable diseases, including type two diabetes (T2D), cardiovascular disease (CVD), non-fatty liver disease (NFLD) and some cancers (Keaver et al., 2020).Valle et al. (2020)indicate that frequently consuming high intakes of free sugars can induce obesity, augmenting lipid accumulation within the body (Marinho et al., 2020). This encourages insulin resistance, a risk factor and indicator for the development of type two diabetes (Valle et al., 2020; Scheelbeek et al., 2019; Public Health England, 2017; Johnson et al.,2017; Wise, 2016). However, whilst health risks driven by high consumption of free sugars are well documented (Bleich and Vercammen, 2018), it continues to be used as a sweetening agent and as preservatives to attain longer shelf life for products, further increasing the populations sugar intake (Public Health England, 2016; Valle et al., 2020).
In 2016 Public Health England published the Levy initiative, also known as the "Sugar tax", which was introduced in 2018 (Buckton et al., 2019). This was aimed at reducing the quantity of free sugars found within beverages to reduce the population's sugar intake (Public Health England, 2016), addressing the increase in obesity and its related health conditions (Buckton et al., 2019) and has proved successful (Niblett et al., 2019). The initiative targeted soft drink companies, issuing a tax for inserting more than five percent of added sugars to total energy intake (Public Health England, 2016; Bridge, Fint and Trench, 2020). Jones, Wu and Buse, (2021) explain that these companies were selected due to sugar-added beverages predominantly contributing to the "global diet". This prompted companies to utilise artificial sweeteners (AS) as a substitute to sugar due to their sweetening abilities and lower calorific value (Sheelback et al., 2019). However, Farret, Dewison and Stevenson, (2021) postulate that whilst reports have indicated that AS can provide enhancements within glucose homeostasis and mediate energy intake through reducing appetite, other research has found a correlation between AS, weight gain and increased risk of T2D (Sanyaoluet al., 2018). This assignment will investigate and critically evaluate the literature on the biological health implications of consuming refined, natural sweeteners and examine health-related consequences.
[bookmark: _Hlk87014944]Sundborne et al., (2019) indicate that sucrose (table sugar) and high-fructose corn syrup are the leading contributors to added sugars present within the western diet, indicating sugary beverages as the predominant food source containing these added sugars (Lugar et al., 2017). Jenson et al., (2018) explain that whilst fructose is a recognised sugar existing in fruits, vegetables and honey; it is additionally a construct of free sugars (sucrose), bound to glucose and metabolised within the liver and adipose tissue. Jang et al., (2018) indicate that due to the sweet taste produced by this monosaccharide, fructose is reported to be responsible for inducing high intakes through the function of suppressing satiety. Jenson et al. (2018) further report that fructose in isolation is accountable for inducing liver and visceral fat accumulation. Ramos, Batista and Albuquerque, (2017) postulate that it is a consequence of fructose mediating complex mechanisms that stimulate de novo lipogenesis (DNL), suppressing fatty acid oxidation and linked to metabolic dysregulation as a result of impairments to mitochondria size and function (Softic et al., 2019).
Song, Xial and Yang, (2018) explain that DNL is responsible for converting carbohydrates from the circulation into fatty acids in order to produce triglycerides and additional lipids (Fats). However, precursors of fructose are reported to cause dysregulation of DNL, in addition to hepatic glucogenesis (HG), two processes vital for blood glucose homeostasis as insulin has no function in mediating fructose (Taskinen et al., 2017; Horst and Serlie, 2017; Zhang et al., 2019). This raises triglycerides and plasma glucose (sugar) levels within the blood due to fructose-precursors increasing the expression of DNL and HG subsequently depositing further lipids (Horst and Serlie, 2017; Schwartz, Clearfield and Mulligan, 2017), within the liver (Taskinen et al., 2017; Galderisi et al.,2019). Whilst still debated, reports postulate that this is the process correlated to the development of NFLD (Horst and Sirlie, 2017; Smajis et al., 2019).  
Furthermore, an investigation conducted by Smajis et al., (2019) demonstrated that fructose does not increase lipid accumulation within blood glucose of lean-healthy subjects. The authors postulate this is due to unchanged physical activity levels. However, fructose did further reduce insulin sensitivity when contrasted against dietary glucose in older adults. The authors postulate that individuals with insulin resistance (an indicator of T2D) (Togo et al., 2019) exhibit further lipid accumulation within the myocardium, liver and skeletal muscle. This could explain the correlation between T2D, CVD, NFLD and obesity. Nevertheless, Smajis et al., (2020) reports this as a dose dependant response, postulating that the small intestine protects the body from negative effects derived by fructose at low dosages (<1g/KG). This protection conducted by the small intestine is facilitated by converting fructose into glucose, glycerol and lactate. However, Jang et al., (2018) demonstrate that high intakes of fructose can inundate intestinal absorption and clearance, consequently allowing fructose to reach the liver, facilitating negative health implications.
MacDonald (2016) postulate that whilst researchers have investigated the potential negative effects of high-fructose corn syrup and sucrose, the author notes that this research often does not distinguish health consequences between glucose and fructose, suggesting that it is high sugar intake that is more problematic than these monosaccharides. According to Navalle and Paranjape, (2016), glucose is an essential substrate, providing energy to living cells and biochemical processes within the body. When blood glucose acutely increases, insulin stimulates glucose uptake by the skeletal muscles for oxidation and the synthesis of glycogen, subsequently facilitating metabolic homeostasis. Rasool et al., (2018) explain that during normal

 circumstances, fatty acid oxidation reduces and glucose is predominately utilised for energy production within the body.
However, according to Rasool et al. (2018), health conditions correlated with insulin resistance induce less glucose uptake and muscle utilisation, triggering an increase in fatty acid oxidation to produce adenosine triphosphate (chemical energy), causing a metabolic inflexibility within individuals living with insulin resistant diseases. Chakraborty et al., (2017) explain that if blood glucose levels are increased consistently, further insulin resistance and glucose tolerance may be exacerbated through increasing accumulation of pro-inflammatory cytokines, which are correlated to muscle deterioration. Tsenget al., (2021) explain that this is directly correlated to T2D, as a result of the consumption of large concentrations of sugars on a regular basis, subsequently increasing glycaemic load and hunger and subsequently leading to weight gain. Furthermore Breda, Jewell and Keller (2019) indicate that worldwide, individuals are frequently consuming large concentrations of free sugars more than the recommended allowance of under ten percent of total energy intake. This is concerning as high frequent intakes of these dietary sugars are correlated to obesity and its related diseases (Breda, Jewell and Keller, 2019; Yoshida and Simoes, 2018; Bovi et al., 2017).
According to Wani et al., (2020), honey is frequently utilised to substitute sucrose; due to its naturally occurring sweetness and medicinal properties, providing an antidiabetic effect and improving additional metabolic diseases (Ali et al., 2020; Ramli et al., 2019). Sadeghi et al., (2019) and Hashim, Chin and Ahmad (2021) indicate that this is due to the high fructose content of honey facilitating hypoglycaemic effects as a result of fructose operating glucokinase within hepatocytes. This facilitates the uptake and storage of glucose as glycogen within the liver, subsequently lowering blood glucose levels (Nguyen et al., 2019). However, fructose is reported as the monosaccharide inducing lipid accumulation within the liver, oxidative stress, insulin resistance and glucose intolerance, providing negative health consequences (Taylor et al., 2021; Sadeghi et al., 2021; DiNicolantonio and OKeefe, 2017). Nevertheless, Lee, Lim and Kwon, (2015) indicate that honey additionally contains dietary fibre and phytochemicals, highlighting that these constituents could be the potential mediators facilitating antidiabetic and antiadipogenic effects.
Sharma et al., (2016) indicate that phytochemicals, whilst not essential for physiological and biochemical functions within the body, do hold the capacity to alter a cascade of physiological functions that facilitate negative health detriments (Lee, Lim and Khan, 2015; Goktas et al., 2020).  For instance, Hernández-Díazcouder et al., (2019) indicate that excess fructose consumption may play a role in increasing white adipose tissue through the activation of adipogenesis, a process that induces the development and deposits of adipose tissue throughout the body. This occurs when energy intake exceeds energy expenditure, correlated to the development of obesity (Lennarz and Lane, 2013). However, Murugan, Balan and Wong, (2021) indicate that phytochemicals in honey may prevent this from occurring by inhibiting adipogenesis and increasing energy expenditure by enhancing fatty acid oxidation.  Nevertheless, the authors explain that these studies were predominately conducted on animals, warranting further investigations on analysing obesity and the effects of phytochemicals within humans (Terzo, Mule and Amato, 2020).
Furthermore, dietary fibre, an additional element found within honey, is reported to produce beneficial effects for individuals at risk or living with T2D (Goff et al., 2018; Anderson et al., 2009). Goff et al., (2018) express that dietary fibre plays a role in reducing the rate of glucose absorption through the small intestine, subsequently reducing a high demand for insulin (Goff et al., 2018; Anderson et al., 2009). However, dietary fibre present within honey is low, with investigations reporting fructose as the mechanism mediating a low glycaemic effect (Sadeghi et al., 2019; Pasupuleti et al., 2020). Sadeghi et al., (2019) postulatethat this is a result of honey attaining high fructose concentrations, facilitating a slow absorption rate and being directly transported to the liver. Pasupulet et al., (2020) explain that this is conducted by fructose prolonging gastric emptying, subsequently reducing the concentration rates secreted through the small intestine, providing lower blood glucose levels. However, the exact mechanism that improves blood glucose levels is still not conclusive, with researchers advocating further investigations (Sharma et al., 2020; Zamanian and Azizi-Soleiman, 2020).
Although the mechanisms facilitating these medicinal properties are not yet established, the beneficial influence induced by honey is well documented (Ajibola et al., 2015; Terzo et al., 2020; Gohar et al.,2020). However, this is dependent on a variety of factors, with some investigations reporting adverse effects from consuming adulterated or contaminated honey (Gohar et al., 2020); and suggesting that individuals with type two diabetes be vigilant when purchasing honey as an alternative to sugar. Fakhlaei et al., (2020) explain that honey adulteration refers to any substance inserted into pure honey, consequently altering its quality. Soares et al., (2017) indicate that the prevalence of honey adulteration is high due to manufacturers looking for economic advantages by diluting an expensive product whilst also comprehending consumers’ perceptions of the medicinal characteristics of honey products. Samat et al., (2018) explain that this adulteration is a risk to health as sucrose or high fructose corn syrup are the predominant agents utilised within adulterated honey, consequently, overtime increasing blood glucose levels and lipid accumulation. The authors postulate that producers use this method due to it attaining a lower cost than manufacturing natural honey, nevertheless, they have been scrutinised for mislabelling products.
[bookmark: _Hlk88296614][bookmark: _Hlk88394813]Furthermore, artificial and natural non-nutritive sweeteners, including aspartame, sucralose and stevia have become prevalent substitutions for sucrose and high fructose corn syrup since the United States food and drug administration deemed safe for human consumption (Sanyaolu et al.,2018; Tey et al., 2017; Khawaja et al., 2019). Sánchez-Tapia et al., (2019) explain that these sweeteners were employed due to their low-calorific content and potential to reduce energy intake, subsequently decreasing the risk for obesity whilst preventing and managingT2D. However, Alsunni, (2020) indicate that the prevention of obesity by utilising these substitutions is under controversy due to a variety of investigations reporting AS as a stimulus for weight gain in addition to potentially increasing the risk for T2D and further health detriments (Pearlman, Orbet and Casey, 2017; Cabral et al., 2018; Purohit and Mishra, 2018; Czarnecka et al., 2021). Nevertheless, Czarnecka et al., (2021) postulate that children and adults inadvertently consume over the recommended 50mg/kg advised by the FDA due to a wide range of products, including toothpaste, baby food and energy drinks containing AS. Sanyaolu et al., (2018) explain that this is over the limits deemed safe, which is then correlated to facilitating these detrimental consequences. However, whilst a higher intake may be related to negative health outcomes, Cobral et al., (2018) demonstrate that artificial sweeteners require individual investigations, as they cannot be generalised due to operating different metabolic and physiological pathways (Alsunni, 2020).
According to Sanyaolu et al., (2018) aspartame is a recognised artificial sweetener frequently utilised to substitute sucrose and advocated for individuals living with T2D due to it potentially aiding in enhancing blood glucose levels (Chowdharry et al., 2018). Conversely, Chowdharry et al., (2018), postulate that aspartame may encourage impaired blood glucose intolerance through influencing weight gain and increasing fat mass (Ragi et al., 2021). Ragie et al., (2021) demonstrate that this occurs due to attaining a higher intake of aspartame, generating an energy surplus, whilst increasing blood glucose levels. Furthermore, Cabral et al., (2018) postulate that superior intakes of aspartame are potentially influenced by an increase in appetite, subsequent to the body craving carbohydrates. The authors suggest that this maybe a result of phenylalanine a construct of aspartame, increasing food intake through stimulating hypothalamic adrenoreceptors related to central appetite control, subsequently reducing satiety and increasing hunger. However, Tey et al., (2017) demonstrate that whilst aspartame intake increases hunger when contrasted against sucrose intake, it does not influence overconsumption, related to higher energy intakes. 
Nevertheless, Gul et al., (2017) indicate that phenylalanine encourages blood glucose intolerance, insulin resistance and obesity during digestion; by inhibiting the gut enzyme intestinal alkaline phosphatase from producing anti-inflammatory properties (Lalles, 2019). This could be problematic, increasing the amount of pro-inflammatory cytokines within the body, which is correlated to further health and nutritional detriments (Lalles, 2019). Whilst negative health detriments induced by aspartame are well documented, the investigations provided high concentrations of aspartame. This highlights Sanyaolu et al., (2018)   indication that consumption over 50g/kg and the FDAs advocacy to not exceed this amount plausible. 
Furthermore, stevia, classified as a natural non-nutritive sweetener, has demonstrated to provide therapeutic and pharmaceutical properties prompting researchers to advocate this sweetener as a treatment and management strategy for obesity and T2D (Carrera-Lanestosa, Moguel-Ordóñez and Segura-Campos, 2017; Wang et al., 2020). This is due to stevia attaining phytochemicals and reportedly enhancing anti-inflammatory, antioxidant (Mondaca et al., 2018), anti-hypoglycaemia and hypolipidemic properties (Brijesh and Kamath, 2016); subsequently improving obesity, T2D and further metabolic diseases (Wang et al., 2020). However, Rojas et al., (2018) postulate that the evidence surrounding stevia and its beneficial effects, whilst plausible are, inconstant and unreliable due to limited studies experimenting on humans. The authors warrant further research to investigate the long-term sustainability of these beneficial effects on metabolic diseases; due to a high prevalence of sweetener consumption within populations, but no documented improvements within the obesity and T2D pandemic.
In conclusion, sucrose and aspartame are the leading contributors to facilitating obesity, T2D and NFLD, when contrasted against pure honey and stevia. This assignment demonstrated that fructose is the predominant component of sucrose, engendering negative health implications. However, when fructose is combined with products containing phytochemicals and/or dietary fibre, the negative effects inducing T2D and obesity are reduced, with phytochemicals and dietary fibre providing medicinal properties, consequently improving T2D and obesity related diseases. Furthermore, the negative health effects influenced by fructose intake was dependant on age and physical activity levels. For instance, one investigation reported that fructose reduced insulin levels within older adults, and another suggested no lipid accumulation was found within individuals who undertake regular physical activity.  However, research is still debated within the relationship between fructose, obesity, and its related diseases. Some researchers report the correlation as a dose dependant response, postulating that high intakes of free sugars are responsible for encouraging these negative health implications.
Nevertheless, natural sugars and non-nutritive sweeteners, including honey and stevia, have both been demonstrated to provide hypoglycaemic and hypo-adipogenic effects. Although the exact mechanisms facilitating these inducements are not yet established, with researchers advocating further investigations be conducted on humans, the therapeutic consequences are well documented. However, in regard to honey, manufacturers are reportedly adding sucrose to products in order to keep manufacturing costs down. This can be problematic and generate adverse effects from honey due to containing higher concentrations of sucrose, diminishing the therapeutic effects on obesity and T2D. Nevertheless, purchasing "pure honey" can prevent this from occurring. 
Furthermore, aspartame, whilst an advocated sweetener deemed safe by the FDA, has demonstrated detrimental effects in encouraging T2D and obesity. This is due to phenylalanine, a constituent of aspartame, increasing pro-inflammatory cytokines within the body, consequently playing a role in inducing glucose intolerance, insulin resistance and obesity. However, it is postulated these adverse effects predominately occur at high dosages over the recommended amount. Whilst researchers suggest each area requires further research pure honey and stevia seem plausible strategies for improving/preventing T2D, obesity and its related diseases.
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